Introduction
============

The obesity epidemic continues to impact heavily on the health economy, and the need for successful and enduring obesity treatments is essential. Recent years have seen sustained attempts to understand the contribution of disordered eating patterns to the development of obesity. Considerable progress has been made in understanding night eating syndrome (NES), a cluster of behaviours first identified in 1955 by Stunkard,^[@bib1]^ a psychiatrist specialising in eating disorders (ED). This narrative review describes the evolution of NES from initial identification to current conceptualisation. Methods of identification, prevalence in varying populations, behavioural and clinical characteristics, and treatment options are discussed. Evolving evidence of the relationship between NES and other ED, sleep-related ED, sleep, depression and anxiety is also considered. The paper concludes by examining the relationship of NES with obesity and the applicability of current NES criteria to a severely obese population.

Methods
=======

The Medline, Scopus, PsychInfo and CINAHL databases were searched for all studies published between 1955 and January 2012. One-hundred and ninty-one papers were found using the search terms of NES, night-eating (NE), late night eating, NE behaviour and nocturnal eating. Results were filtered to return studies of human subjects published in English. Only original research was considered for inclusion. The conceptualisation of NES is still evolving, thus papers were not excluded on the grounds of sample size as even single case reports may be important indicators of future understanding of NES. Reviews, commentaries, reports from professional and non peer-reviewed publications and case reports of other syndromes where discussion of NE was incidental were excluded, yielding 84 studies for potential inclusion, of which 73 have been included in this review.

Evolution of diagnostic criteria
================================

NES is now considered a dysfunction of circadian rhythm with a disassociation between eating and sleeping, characterised by a phase onset delay of morning appetite and continuation of evening eating.^[@bib2],\ [@bib3]^ Current diagnostic criteria proposed by the International NES Working Group in 2008 at the First International Night Eating Symposium are listed in [Table 1](#tbl1){ref-type="table"}.^[@bib4]^

Developments in the conceptualisation of NES have been hindered over time by the adoption of differing diagnostic criteria by researchers from various disciplines as summarised in [Table 2](#tbl2){ref-type="table"}. Thirty years after the originally proposed criteria of 'morning anorexia\', 'hyperphagia until midnight on 50% of nights\' and 'sleep onset insomnia\', the emotional component of 'eating with tension\' and 'without enjoyment\' was added, then removed again when Stunkard revisited the syndrome in 1996.^[@bib1],\ [@bib5],\ [@bib6],\ [@bib7]^ Refinements to the original criteria at that time included no appetite for breakfast, 50% or more of food intake after 1900 hours and trouble getting to sleep and/or staying asleep, as well as nocturnal awakenings to eat. Further refinements in 2003 sought to differentiate NES from other ED, emphasise the nocturnal eating and account for cultural differences by removing the 1900 hours time restriction.^[@bib8]^ By 2008 these criteria were acknowledged as too restrictive and were broadened again to include 'at least 25% of food intake consumed after the evening meal and/or at least two episodes of nocturnal eating per week\'. The emotional component of distress also reappeared as a core criterion.^[@bib9]^

Prevalence
==========

Interpretation of prevalence data is problematic as criteria and methods of identification vary between studies. Viewed as a whole, evidence suggests a general trend for prevalence to be low in general population samples and to increase with the degree of obesity ([Table 3](#tbl3){ref-type="table"}). Early studies comparing healthy weight controls and severely obese individuals indicated prevalence ranging between 0.5--1.5% and 15--25%, respectively.^[@bib5],\ [@bib6],\ [@bib10],\ [@bib11]^ Later studies in obese populations estimate prevalence between 8.9--14%.^[@bib7],\ [@bib12],\ [@bib13]^ Prevalence in severe obesity is mixed depending on the criteria adopted.^[@bib7],\ [@bib14],\ [@bib15],\ [@bib16]^ Two early studies reported exceptionally high rates of 51 and 43%.^[@bib17],\ [@bib18]^ Prevalence in subjects awaiting bariatric surgery based on graded diagnostic criteria was estimated at 1.9% (strictest criteria) and 8.9% across all definitions.^[@bib19]^ Others note similar variability when different criteria are applied to the same sample.^[@bib20]^ On the basis of 'conservative criteria\' 25% of a psychiatric outpatient population reported NES and were more likely to have a higher body mass index (BMI; mean BMI 33.1 kg m^−2^ vs 27.7 kg m^−2^).^[@bib21]^ A study of self-reported levels of NES in subjects with diabetes based on a single question about eating late at night revealed a prevalence of 9.7%.^[@bib22]^

Behavioural and clinical characteristics
========================================

A landmark study of NES in American females (mean BMI 28.5 kg m^−2^) based on 1996 criteria showed NES and non-NES participants to have similar sleep onset, offset and duration times, but NES individuals woke on an average 3.6 times a night and snacked to return to sleep.^[@bib23]^ A later American replication study (mean BMI 34.9 kg m^−2^), using 2003 criteria, showed similar patterns, with the NES group waking on an average 1.5 times per night and eating during 74% of the awakenings.^[@bib24],\ [@bib25]^ Total 24-h energy intake varied only moderately between NES and non-NES individuals in both studies, although NES subjects consumed significantly more of their total energy intake at night as compared with non-NES subjects (56% vs 15% and 34.6% vs 10%, respectively). Psychometric modelling applied retrospectively on the temporal eating, and intake of the study subjects confirmed these differences.^[@bib26]^

Temporal displacement of other circadian rhythms were noted including phase delays of 1--2.8 h in two food-regulatory rhythms (leptin and insulin) and in the circadian melatonin rhythm, with a trend for delay in cortisol. Glucose rhythms showed an inverted circadian pattern. Circulating levels of ghrelin, the primary hormone stimulating food intake, were markedly phase advanced by 5.2 h. Reduced amplitudes in the circadian rhythm of food intake, cortisol, ghrelin and insulin, and an increased TSH amplitude were noted. The authors propose that NES may result from disassociations between central (suprachiasmatic nucleus) timing mechanisms and putative oscillators elsewhere in the central nervous system or periphery such as the stomach. Given that altered food intake timings could be causing the hormonal patterns, it is acknowledged that further studies with controlled meal times would be needed to establish cause and effect.^[@bib2]^

Despite similarities in NES eating behaviour, considerable difference is noted between studies in the average amount consumed by NES individuals after the evening meal. Criteria up to 2003 required an intake of at least 50%, although most researchers considered this unnecessarily restrictive and relaxed this requirement downwards when recruiting for studies.^[@bib22],\ [@bib27],\ [@bib28]^ Accurate estimation of daily dietary intake during verbal recall is difficult with some studies reporting a tendency for overestimation in NES participants.^[@bib27],\ [@bib29]^ Individuals in one study verbally reported eating 51% of their daily energy intake after the evening meal but only recorded 34.9% in food diaries.^[@bib29]^ Conversely under-reporting, particularly in overweight and obese individuals, is a common phenomenon with evidence of the degree of under-reporting in epidemiological studies ranging from 10 to 47%.^[@bib30]^ Current NES guidelines suggest at least 25% of food intake is consumed after the evening meal, although the definition of 'evening meal\' continues to lack clarity, especially given cultural differences. Lundgren *et al.* propose 'evening meal\' should be classed as the first food eaten after 1700 hours, which could be a 'main meal\' or 'snack\' if no main meal is eaten. If no food is eaten by 2000 hours, then any food after 2000 hours is classed as 'after the evening meal\'.^[@bib31]^ Future understanding of NES will benefit from consistent methodology for identifying energy intake across studies and explicit definition of the 'evening meal\'.

The extent to which individuals with evening hyperphagia, but undisturbed sleep, could be classed as NES was ambiguous based on early criteria. Current criteria now make this explicit, suggesting both evening hyperphagia and/or at least two episodes of nocturnal eating per week\' are classed as NES. The predominance of one construct over another continues to be debated. Item response theory analysis of responses from NE questionnaires completed by 1481 individuals suggests key features to be nocturnal eating and/or evening hyperphagia, initial insomnia and night awakening, with morning anorexia and delayed morning meal less important.^[@bib9]^ Others conclude that evening hyperphagia and nocturnal eating are the same construct and propose a continuum of severity, identifying individuals without nocturnal snacking as 'NES\' and nocturnal snackers as 'NES plus nocturnal snacking\'.^[@bib32],\ [@bib33]^ Striegel-Moore *et al.*^[@bib34]^ also distinguish between evening-eaters and night-eaters, suggesting NES should be based on eating very late at night.

Identification
==============

The absence of a consistent method for identifying NES encouraged early researchers to use various methods to establish diagnosis, including interviews, questionnaires based solely on Stunkard\'s criteria and questionnaires combining other syndromes.^[@bib12],\ [@bib13],\ [@bib14]^ An interview conducted by an ED specialist is now considered the gold standard diagnostic tool for NES. Symptom severity is measured with the NE questionnaire (NEQ)^[@bib35]^ and findings supplemented using the Night Eating Symptom and History Inventory (NESHI), a 17-item interview schedule.^[@bib29]^

The NEQ underwent several revisions and now contains 14 items and a five-point Likert scale. Validation studies on the current version were published in 2008 combining evidence from three separate NES studies.^[@bib35]^ Study 1 examined factor structure and internal consistency, and included 1980 persons with self-diagnosed NES who completed the NEQ on the Internet. The mean score was 33.1 (7.5). Principal components analysis was used to generate four factors (nocturnal ingestions, evening hyperphagia, morning anorexia and low mood/disturbed sleep) with a Cronbach\'s alpha of 0.70.

The second study in 81 outpatients diagnosed with NES found acceptable convergent validity of the NEQ with additional measures of NE, disordered eating, sleep, mood and stress. The third study compared scores from obese bariatric surgery candidates with and without NES, and found appropriate discriminant validity of the NEQ. Of 184 individuals, 19 (10.3%) were identified with NES. Mean scores were NES 26.2 (8.1) vs non-NES 16.0 (6.3). The positive predictive value of the NEQ at a score of 25 or higher was low (40.7%), increasing to 72.7% at a score of 30 or greater. The negative predictive value was high for cut scores of both 25 and 30 (95.2% and 94.0%, respectively). Other researchers have found similar cut points useful, although it is recommended that item 13 which explores awareness during NE be excluded from scoring as this is a diagnostic item distinguishing NES from sleep disorders. When item 13 was excluded from the scores of 399 psychiatric patients the positive predictive value was 62% using a cut point of 25 and 77% with a cut point of 30.^[@bib36]^ Its use is widespread, although the authors advise caution in using it as either a screening or diagnostic tool, suggesting its best use is as a measure of NES symptom severity.^[@bib35]^

Relationship of NES to other EDs
================================

NES is currently classed as an Eating Disorder Not Otherwise Specified (EDNOS) in the Diagnostic & Statistical Manual of Mental Disorders 4th edition ( DSM-IV) scheme and will be included in the new DSM-5 scheme due for publication in 2013 as a 'Feeding and Eating Condition Not Elsewhere Classified\'. Although its classification as an ED seems accepted, its relationship with other EDs remains unclear. Early studies considered NES to be a similar construct to binge ED (BED).^[@bib7],\ [@bib18],\ [@bib37],\ [@bib38]^ Later evidence available at the time NES criteria were updated in 2003 highlighted clear differences between the constructs, thus the absence of other ED was considered necessary for a diagnosis of NES.^[@bib8],\ [@bib39]^ NES appeared to have a stronger family link and to be more resistant than BED to bariatric surgical intervention.^[@bib28],\ [@bib40],\ [@bib41]^ NES individuals ate fewer meals in the day and more in the night (1300 calories are consumed during an average binge as opposed to 271 per average night-time snack) than BED and control participants. BED subjects reported less sleep disturbance and morning anorexia and more objective bulimic and overeating episodes, shape and weight concerns, disinhibition and hunger.^[@bib14],\ [@bib27]^

More recent studies highlight similarities rather than differences and suggest varying degrees of overlap between other ED and NES.^[@bib32],\ [@bib33]^ In 68 individuals with ED (anorexia nervosa (*n*=32), bulimia nervosa (BN) (*n*=32), EDNOS (*n*=4), mean (SD) BMI kg m^−2^ 21.4 (8.5)), 25% met all current NES criteria. Forty two per cent reported evening hyperphagia and 23% reported eating at night two or more times per week.^[@bib31]^ The Swedish Twin Study of Adults identified a genetic correlation of 0.66 between NE and binge eating (BE) in females, indicating a substantial, but not complete, overlap in genetic factors. Males were more likely to report NE behaviours, and moderate heritability for NE was found in both males and females.^[@bib42],\ [@bib43]^

In acknowledgement of this unclear relationship with other ED, a major shift in emphasis is now proposed. Current criteria state that NES 'should not be secondary to substance abuse or dependence, a medical disorder, medication or another psychiatric disorder\'. It is recommended that individuals with NES and sub-threshold symptoms of other ED be classed as NES, but individuals with other ED and some sub-threshold symptoms of NES be classed as non-NES. If both concur, NES should 'defer\' to the other ED and the NE aspects be considered symptom dimensions. Future work is required to characterise these relationships better. It may be more beneficial to concentrate less on differences and categorisation and more on common behaviours and cognitions.

Perceived loss of control over aspects of daily living and a tendency to attribute the cause of 'bad\' life events to aspects of themselves is a common feature of many individuals with ED.^[@bib44]^ In BED and BN, sufferers themselves associate binging with restraint and subsequent loss of control, whether the amount overeaten is objectively large or small, even though the volume of food consumed in the overeating episode is traditionally considered crucial to the definition of a 'binge\'.^[@bib33],\ [@bib45],\ [@bib46]^ Experiencing this blurring between the intensity of the experience and the actual volume eaten (described as 'binge drift\') may be a more important predictor of eating-related distress than the amount eaten during the overeating episode itself.^[@bib47],\ [@bib48]^ It is possible that night-eaters have similar cognitions influencing the strong urge to eat between dinner and sleep onset and/or during the night. Studies in bariatric surgery subjects have put less emphasis on ED diagnosis and more on the influence of perceived loss of control as a predictor of outcome. Bariatric surgery candidates reporting severe emotional disturbance due to loss of control, regardless of BED or NES diagnosis, report increased symptoms of depression (*P*\<0.001), appearance dissatisfaction (*P*=0.009) and poorer mental health-related quality of life (*P*=0.027).^[@bib15]^ Postoperative follow-up showed uncontrolled eating and grazing to be associated with poor postoperative weight loss and elevated psychological distress (*P*=0.008 and *P*\<0.001, respectively).^[@bib49]^ Similarly, Goldschmidt *et al.*^[@bib50]^ compared the weight, shape concerns and depressive symptoms of 96 adolescents with either BE, overeating with loss of control, overeating without loss of control and a control group with normal eating, and found no distinction between the BE and overeating groups reporting loss of control, with both having significantly higher scores than the control groups. Future NES studies are required to identify whether night-eaters are different from individuals with other ED in how they perceive their control overeating and whether this differs between the day and night.

NES and sleep
=============

Sleep disturbance is obviously present in NES and the revised criterion requiring sleep disturbance to be present on 4 or more nights a week suggests an attempt to rectify the apparent lack of focus on sleep in earlier criteria.^[@bib3]^ Laboratory studies have suggested that sleep and wake times are not disturbed and that sleep maintenance insomnia and sleep duration are the main problems.^[@bib23],\ [@bib25],\ [@bib51]^ During sleep studies, American NES individuals ( mean BMI 36 kg m^−2^) showed normal sleep-wake behaviour, but experienced less phase 2 and phase 3 sleep than non-NES controls, resulting in a lower total sleep time and reduced sleep efficiency.^[@bib3]^

NES and sleep-related eating disorder
=====================================

Awareness and recall of nocturnal eating episodes is a requirement of NES and is now included as a core criterion. This is primarily to distinguish NES from the much rarer condition of sleep-related eating disorder (SRED) (formerly NSRED). SRED is classed as a parasomnia, is often accompanied by sleep walking and restless leg syndrome, and may be brought on by sedative hypnotics. It is characterised by bizarre food choices and a compulsion to eat before returning to sleep. Traditionally, it featured 'a half asleep/half awake\' state and impaired consciousness while eating at night, although criteria updated in 2005 no longer specify a level of consciousness, exacerbating confusion between the two conditions.^[@bib52]^ Awareness in NES is assumed to be complete, suggesting a dichotomous classification where awareness is completely present or absent. In practice, studies often fail to report levels of awareness or report varying degrees of awareness.^[@bib53]^ One video-polysomnographic study showed all NES subjects to be fully aware.^[@bib54]^ de Zwaan *et al.*^[@bib32]^ reported 17% of 'night-eaters\' to have low awareness while NE, together with frequent parasomnias, such as nightmares and somnambulism, and questioned whether NES and SRED are different constructs. It is possible that individuals with NES may initially be reluctant to admit to an apparently shameful and secretive behaviour, but can recall events with further probing.^[@bib4]^ Including items in the NESHI for defining and reporting awareness more robustly may help future researchers distinguish NES from other sleep disorders.

NES and depression
==================

Depressed mood features in the 2010 criteria as a key descriptor, as an association between depressive symptoms and NES has been a consistent finding of NES studies.^[@bib13],\ [@bib22],\ [@bib23],\ [@bib24],\ [@bib25],\ [@bib27],\ [@bib38],\ [@bib55]^ In one study as many as 70% of NES subjects reporting a depressed mood.^[@bib24]^ NES appears common in individuals with mental illness. Prevalence levels of NES in American outpatient psychiatric populations range from 12.3 to 25% and some evidence suggests that anti-psychotic medication may exacerbate the symptoms.^[@bib21],\ [@bib36]^ Higher self-reported rates of neglect and emotional abuse, correlating with elevated depression levels were reported in both BED and NES subjects, in comparison with matched obese controls.^[@bib56]^ When the Beck Depression Inventory (BDI) scores of 285 females with BED were compared, at least one nocturnal eating episode in the past 28 days was reported by 14.4% who were classed as night-eaters. A significant difference was noted in mean BDI scores between the night-eaters and non-night-eaters (20.9 (s.d. 12.1) vs 14.0 (s.d. 10.1), *P*\<0.001) even after adjusting for the effects of BE.^[@bib57]^ Depression in NES follows an atypical pattern with distinctive circadian features. Mood is usually better in the morning and worse during the evening and night, unlike depression which is worse in the morning and improves throughout the day.^[@bib13],\ [@bib23],\ [@bib51],\ [@bib58]^

NES and anxiety
===============

Biochemical findings of increased circadian secretion of cortisol in early studies, supported the theory that NES subjects have an overexpressed hypothalamic pituitary adrenal axis with an attenuated response to stress.^[@bib51],\ [@bib59]^ Night anxiety appears more prevalent in adults with NES than adults with BED,^[@bib60]^ and similar elevated levels of psychological stress and depression were found in morbidly obese nocturnal snackers.^[@bib33]^ An individual\'s perception of control over a stressful situation may determine emotional response and predict the most likely coping strategies that will be adopted.^[@bib61]^ Non-obese NES individuals have been shown to have greater levels of stress and anxiety than individuals without NES and to be significantly more likely to develop other coping mechanisms such as substance abuse (30.6% vs 8.3%).^[@bib58]^ Disturbed sleep is also a common maladaptive response with individuals predisposed to vulnerability to stress often reacting to stressful events by internalising their reaction, which in turn leads to emotional arousal and physical activation during sleep.^[@bib62]^ In one study poor sleepers viewed themselves less favourably than good sleepers describing themselves as 'bad\' and 'weak\' and less frequently having a good time with their family as a child, feeling good as a child and with more childhood eating problems. This internalising pattern of somatisation focused on eating and sleeping supports the proposed psychological profile of night-eaters as anxiety-prone personalities.

It is this association with stress and anxiety that makes NES more than a cluster of loosely collected behaviours but a distinct entity in its own right requiring therapeutic intervention and suitable for inclusion in DSM-5.^[@bib63]^ Significant distress and/or impairment in functioning is now included as a core criterion along with the requirement that symptoms be maintained for a minimum of 3 months. Excluding acute events temporarily disrupting behaviour aligns NES with criteria for other ED, although evidence suggests NES is a chronic condition with the mean duration of NE ranging from 5 to 17.4 years across studies.^[@bib32]^ It is possible that NES starts out as a coping response to a particular stressor that turns into a habit.^[@bib1]^ Evidence as to the nature of individual stressors on the development of NES is in its infancy. The timing of sexual abuse has been shown to coincide with the onset of NE in BN and BED adolescents.^[@bib64]^ The most frequently reported cause of sleeping difficulties due to increased arousal is work-related stress.^[@bib65]^ Its role in the pathogenesis of NES is unclear as work status is generally not reported in NES studies. Work may also have a positive stabilising function by regulating social rhythms and anchoring bed and rising time.^[@bib66]^ Future studies need to account for work status, both as an objective measure of functioning and as an influencing factor on the development of NES.

NES and obesity
===============

The relationship between obesity and NES seems particularly complex. One behavioural study found no difference in total daily energy intake between night-eaters and control subjects.^[@bib23]^ Similar results were found initially in a second study, but re-analysis using additional participants found the intake of night-eaters to be greater than that of non-night-eaters.^[@bib25],\ [@bib26]^ The NHANES III health and nutrition survey also found the intake of night-eaters to be increased.^[@bib34]^ It is possible that obesity may be either the cause or the effect of NES depending on the initial trigger for NE behaviour and the age at which it first developed. Evidence is limited mainly to cross-sectional studies, with self-reports of weight change, diagnosis and varying diagnostic criteria, making interpretation of causality more difficult. The questionnaire findings of 21 obese outpatients (mean BMI 37.3 kg m^−2^), 40 normal weight individuals (mean BMI 22.5 kg m^−2^) and 40 obese individuals (mean BMI 37.9 kg m^−2^) were compared. Subjects either self-reported NES or had been previously diagnosed. NES was sometimes present in lean individuals, but was more common in the obese. Although the study was cross-sectional in design, 52% of obese NES sufferers reported normal weight before the onset of NES. Normal weight night-eaters were significantly younger than obese NES subjects (33.1 vs 43.1 years *P*\<0.01), suggesting NES may be a risk factor for obesity.^[@bib67]^

Conversely, 60% of a general population sample responding to a newspaper advert about NE reported being overweight before NE with no significant difference in the age of onset of NE between normal and overweight participants noted.^[@bib32]^ In a prospective general population study, with a longitudinal design and a 5- and 10-year follow-up, 9% of women and 7% of men responded 'yes\' to the question, 'do you get up at night to eat?\' at baseline. Obese females responding 'yes\' experienced an average 6-year weight gain of 5.2 kg (*P*=0.004) compared with 0.9 kg in obese females who responded 'no\'. NE and weight change were not associated among men.^[@bib68]^ A cross-sectional survey in young adults with NES used latent class analysis (LCA) to identify four subtypes of NE symptomatology (depressed and non-depressed late and night-eaters). Obesity was not associated with any of the four classes, or NE in general, with the mean (s.d.) BMI of night-eaters being slightly lower than non-night-eaters (24.8 (5.9) vs 25.4 (6.0)).^[@bib34]^ No difference in BMI, BMI at age 20, or maximum BMI was seen between NES and non-NES subjects with class II--III obesity participating in an inpatient weight loss programme.^[@bib69]^

NES and childhood obesity
=========================

Childhood obesity is a known risk factor for adult obesity and is associated with childhood depression and low self-esteem.^[@bib70]^ It would seem reasonable to assume that a relationship might exist between childhood obesity and NES, although survey data do not support this. In all, 1.1% of German children aged 5--7 years were identified by their parents as getting up at night to eat.^[@bib40]^ Similar results were identified in a longitudinal study of children, with 1.5% reporting eating more than 25% of total kCal intake between 2300 and 0500 hours at the age of 11 years. By the age of 19, this had increased to 3.5%, with larger numbers reporting positive on the more relaxed criteria of eating \>25% of total calorie intake after the last evening meal. Further follow-up of at the age of 21 showed a NES prevalence of 1.6%, in keeping with general adult population levels.^[@bib71]^ No association with obesity was found in any of these studies, although obese children who may have developed NE as a response to strict parental control over day-time eating may be reluctant to report this.

NES treatments
==============

The most successful pharmacological treatment option for NES reported to date is with sertraline, a selective serotonin reuptake inhibitor (SSRI) anti-depressant, which is also known to improve anxiety. A placebo-controlled trial of 8 weeks duration in 34 American subjects with a mean BMI of 32.6 kg m^−2^ confirmed the findings of an earlier small-scale open label study that responders to sertraline experience weight loss, reductions in nocturnal ingestions and in calorie intake after the evening meal.^[@bib29]^ Given the success of sertraline as a treatment, Stunkard supports the view that the drug may effect a more normal circadian rhythm of food intake through the suprachiasmic nucleus through the restoration of inadequate serotonin levels.^[@bib72],\ [@bib73]^ A pilot SPECT (single photon emission computed tomography) study comparing the serotonin transport uptake ratios of night-eaters with healthy controls has supported the likely involvement of the serotonin system as opposed to other neuroendocrine systems in the pathophysiology of NES.^[@bib74]^

A pilot study of a 10-session cognitive behavioural therapy (CBT) programme on 25 NES participants (mean BMI 29.5 kg m^−2^) has shown promising results and supports earlier reports of behavioural change strategies recommended in a self-help manual.^[@bib75],\ [@bib76]^ Significant reductions in weight, number of nocturnal ingestions and per cent of daily calorie intake after dinner (all *P*\<0.0001) were noted, although larger controlled treatment trials on varied populations including those with severe obesity are required to assess fully the efficacy of the programme.^[@bib76]^ Other small-scale and case report studies describe the use of other anti-depressants,^[@bib77],\ [@bib78]^ non-pharmacological anti-depressant treatments such as Gotu Kola,^[@bib79]^ Abbreviated Progressive Muscle Relaxation Technique (APMRT)^[@bib55]^ light therapy^[@bib80],\ [@bib81]^ and topiramate^[@bib82]^ as possible treatments for NES. Unfortunately small participant numbers in these studies make interpretation of results difficult.

Interpreting the effect of restrictive weight loss surgical procedures on NES is problematic as the identification and management of ED presurgery varies widely.^[@bib83]^ Busetto *et al.*^[@bib84]^ found no difference in the per cent excess weight loss (% EWL) in the first 5 years after laparoscopic gastric banding by patients with and without disordered eating. Similar results were seen after gastric bypass, although greater weight loss was related to a reduction in NE episodes.^[@bib85]^ Others report individuals with NES to have less success postoperatively than those with BED.^[@bib15]^

Applicability of NES criteria to severe obesity
===============================================

Obesity and perceived loss of control
-------------------------------------

Evening hyperphagia is common in severe obesity, NES and BED. An assessment of the energy content of food eaten is required to determine both evening hyperphagia and BED, and may be very high in those with severe obesity. In clinical practice, individuals with severe obesity frequently underreport energy intake, especially if they are also depressed, confounding interpretation further.^[@bib86]^ Hence, it may be necessary to place more emphasis on determining other behaviours and cognitions such as the timing of eating (EH) or presence of perceived loss of control (BED), to distinguish between these conditions. 'Presence of a belief that one must eat to initiate or return to sleep\' is often described as a feature of NES. Yet physical impairment due to obesity and obesity-related comorbidity results in disturbed sleep in many severely obese individuals, only some will get up to eat once awake and others will return to sleep. A greater understanding of the cognitions influencing the urge to eat in some individuals and not others may help to answer why NES individuals find restraint at these high-risk times particularly difficult.

Obesity and distress
--------------------

Although NES is characterised by significant distress, interpreting this relationship in the context of severe obesity is problematic. Published evidence of the links between trauma and the onset of obesity is limited. Distress related to NE has been described as 'distress about weight gain, shame of eating and inability to stay within a prescribed calorie deficit\'.^[@bib4]^ However, these are all common features of severe obesity. Future studies examining the origin and nature of distress in obese NES populations may help to clarify this relationship.

Obesity and morning anorexia
----------------------------

Striegel-Moore\'s^[@bib34]^ typology study noted a strong relationship between NE and morning anorexia and the presence of morning anorexia has been a consistent feature of all versions of NES criteria despite difficulties in defining 'morning anorexia\' objectively. As a similar relationship also exists between morning anorexia and chronic obesity, its relevance as a distinguishing feature of NES in a severely obese population remains unclear.^[@bib87]^

The obesity, sleep and depression axis
--------------------------------------

The complex interplay between obesity, depression and impaired sleep makes understanding NES behaviour in this context even more difficult. The deleterious effects on health of impaired sleep have been well documented in recent years with long (⩾9 h) and short sleep (⩽6 h) duration both linked to increased mortality.^[@bib88],\ [@bib89]^ A link between sleep duration and obesity has been demonstrated with several large population studies reporting a dose--response relationship between short sleep duration and excess body weight in infants, adolescents and adults of varying ethnicities.^[@bib90]^ Other studies have shown a link between obesity, short sleep duration and poor sleep quality with improvements in sleep quality noted in obese individuals after a 5% weight loss.^[@bib91],\ [@bib92],\ [@bib93]^ The relationship between rising BMI and the risk of developing obesity-related comorbidity such as Obstructive Sleep Apnoea (OSA), type 2 diabetes and the metabolic syndrome is also known.^[@bib94]^ These conditions are also associated with poor sleep quality and excessive day-time sleepiness.^[@bib95],\ [@bib96]^ Short and long sleep durations increase the risk of developing type 2 diabetes independent of known confounding factors and poor sleep quality is associated with worsening glycaemic control in diabetes.^[@bib97]^ Increasing BMI is also associated with the debilitating effects of chronic pain, which is in turn associated with depression and anxiety.^[@bib98]^

Several studies have also demonstrated a link between poor subjective sleep quality and depression.^[@bib99]^ The neurobiology of disturbed sleep in depression includes disturbances in the electrophysiological architecture and functional deviations in different brain regions, resulting in a decrease in slow wave sleep and increased awakenings.^[@bib100]^ Various hypothesis also suggest a relationship between obesity and depression. Rosmond considers both to be manifestations of the brain serotonin deficiency and obesity to be the clinical manifestation of a subtype of depression similar to that of atypical depression.^[@bib101]^ However, the majority of evidence suggests they are separate constructs, having an influencing effect on each other. Obesity can develop subsequent to depression as a result of reduced activity and comfort eating, or obesity-related impairments, such as fatigue and weight-related stigma may result in depression.^[@bib102],\ [@bib103]^ Improvements in depressed mood are noted after weight loss due to changes in physical appearance and improvements in eating patterns.^[@bib104]^

Implications for NES
--------------------

Short sleep duration is associated with lower leptin and higher ghrelin levels in fasting morning blood, hormone changes which are typically associated with increased appetite and also seen in NES individuals.^[@bib105],\ [@bib106]^ It is possible that sleep duration may have a part in the pathogenesis of NES, through its association with obesity,^[@bib105],\ [@bib107]^ although current evidence linking NES and short sleep duration is mixed. O\'Reardon *et al.*^[@bib24]^ found no difference in sleep duration between NES and non-NES individuals (mean BMI 34.9 kg m^−2^ and 36.7 kg m^−2^, respectively), yet Rogers *et al.*^[@bib3]^ noted significantly shorter sleep duration in NES females with similar BMI levels. The relationship between sleep duration and severe obesity is not known. Serotonin promotes satiety and is replaced during sleep. Disturbed sleep may reduce natural levels and increase the need for exogenous sources such as carbohydrates, resulting in obesity. Night snacks consumed in NES are typically carbohydrate rich (73%), with a high carbohydrate to protein ratio (7:1).^[@bib23]^ Individuals with NES report more difficulty in getting to sleep, but whether this is due to a psychological factor or the physical effect of comorbidity is unclear as sleep patterns are currently not reported consistently in NES studies or measured routinely in obese populations.

NES is common in individuals with schizophrenia and bipolar disorder who are also obese.^[@bib21],\ [@bib108]^ Higher BDI scores are consistently found in NES subjects in comparison with control groups, with some evidence that degree of obesity may impact on the score.^[@bib25],\ [@bib56],\ [@bib104]^ Many obese individuals describe overeating in the evening as a result of low mood as a main contributor to their obesity. It is possible that other factors related to obesity such as low self-esteem and shame are contributing to the degree of depression and influencing NE behaviour. Assessing the effect of obesity-related comorbidity on NES is difficult as evidence of the level and impact of OSA and type 2 diabetes in obese NES groups is limited.^[@bib17],\ [@bib22],\ [@bib33]^ Although Olbrich^[@bib109]^ suggests the construct of OSA is not closely related to NES, more evidence is required to support this as obesity-related comorbidity is often excluded from NES studies, not reported or assessment is based on incomplete NES criteria.^[@bib9],\ [@bib22]^

Future directions
-----------------

Despite progress being made in the characterisation of NES, unanswered questions remain. It is viewed as both a circadian rhythm and ED. It is either relatively common or rare, depending on which criteria are adopted. Evidence from European and American studies suggests that it may feature strongly in some high-risk groups, such as obese and psychiatric populations. Whether this affects treatment outcomes is unclear with evidence from one weight loss programme suggesting NES participants fared no worse than others without NES.^[@bib110]^ Further investigation is recommended on its relationship with traumatic life events, psychiatric comorbidity, the age of onset, course over time and effect on circadian rhythm. Bright light therapy is also proposed as a possible treatment.^[@bib2]^ Recent interest in the clock gene as a potential influence on obesity suggests that future studies examining circadian and endocrine desynchronicity should control for obesity.^[@bib111]^

Current tools for investigating NES may be inadequate in severe obesity. Despite widespread use, the current NESHI lacks validation and no longer reflects updated criteria. A revised version is due for publication in the near future. Items are required to measure distress and impairment in functioning objectively and items relating to the characterisation of poor sleep and key diagnostic areas such as defining 'supper\' and 'degree of awareness\' need greater precision. More precise methods to identify calorie intake are also required, although in obese populations it may be less important to estimate exact volumes of food eaten and more important to identify abnormal cognitions and behaviour. Night-eaters exhibit too many features of other ED for this relationship to be ignored and previous guidance to separate NES from other ED was probably counter-productive and a hindrance to its characterisation. Given that all factors identified through principal components analysis in the NEQ are also common in obesity, tools based on other characteristics may help discriminate NES further in obese populations.^[@bib35]^ It is possible that different tools are required for an underweight teenager and a morbidly obese adult.

Conclusion
----------

Understanding the significance of factors such as sleep duration, sleep quality, depression and other comorbidity in the development and existence of NES in obese populations is in its infancy. Current NES criteria propose that a diagnosis of NES is not appropriate if it is secondary to other medical conditions and yet defining the primary relationship in a severely obese population may not be clear cut. The extent to which each factor is responsible for the causation and maintenance of each other is complex and may differ between individuals. Qualitative NES research is currently limited to reports of patient satisfaction with medical treatment of NES.^[@bib112]^ Further qualitative studies investigating subjective experiences of individuals with NES and severe obesity may help to identify individual NES-obesity causal pathways and individualise treatment.
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###### 2010 Criteria for NES (all of A--F need to be met)

  --- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  A   Core criterion:  Daily pattern of eating demonstrates a significantly increased intake in the evening and/or night time, as manifested by one or both of the following:   \(1\) At least 25% of food intake is consumed after the evening meal. (2) At least two episodes of nocturnal eating per week.
  B   Core criterion:  Awareness and recall of evening and nocturnal episodes are present                                                                                        
  C   Core descriptors:  The clinical picture is characterised by at least three of the following features:                                                                     \(1\) Lack of desire to eat in the morning and/or breakfast is omitted on four or more mornings per week. (2) Presence of a strong urge to eat between dinner and sleep onset and/or during the night. (3) Presence of a belief that one must eat to initiate or return to sleep. (4) Sleep onset and or/sleep maintenance insomnia are present four or more nights per week. (5) Mood is frequently depressed and/or mood worsens in the evening.
  D   Core criterion:  The disorder associated with significant distress and/or impairment in functioning                                                                        
  E   Core criterion:  The disordered pattern of eating has been maintained for at least 3 months                                                                                
  F   Core criterion:  The disorder is not secondary to substance abuse or dependence, medical disorder, medication or another psychiatric disorder.                             
  --- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### Evolution of diagnostic criteria for NES from 1955--2003

  *Author*                *Year*  *Criteria*
  ---------------------- -------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Stunkard^[@bib1]^        1955   Morning anorexia, nocturnal hyperphagia until midnight on 50% of nights, sleep onset insomnia
  Kuldau^[@bib5]^          1986   Morning anorexia, eating later in day, on and off evening eating without enjoyment, sleep onset insomnia, evening tension
  Rand^[@bib6]^            1993   Morning anorexia, excessive evening eating, evening tension and/or feeling upset, insomnia
  Stunkard^[@bib7]^        1996   No appetite for breakfast, 50% or more of food intake after 1900 hours, trouble getting to sleep and/or staying asleep
  Birketvedt^[@bib23]^     1999   Morning anorexia evening overeating (including at least 50% of food intake after 1800 hours) insomnia
  Powers^[@bib16]^         1999   More than 25% of total energy intake after evening meal, trouble sleeping, appetite in morning
  Ceru-Bjork^[@bib12]^     2001   As per Stunkard^[@bib7]^ and waking up at night and getting out of bed to eat and/or after having gone to bed, getting out of bed to eat or eating in bed
  Napolitano^[@bib18]^     2001   Morning anorexia, evening hyperphagia, emotional distress, sleep difficulties
  Adami^[@bib14]^          2002   Morning anorexia, more than 25% of total energy intake after evening meal, trouble falling and/or staying asleep most nights
  Stunkard^[@bib8]^        2003   Morning anorexia, even if subject eats breakfast, evening hyperphagia. At least 50% of the daily caloric intake is consumed in snacks after the last evening meal, awakenings at least once a night, at least 3 nights a week, aonsumption of high-calorie snacks during the awakenings on frequent occasions, the pattern occurs for a period of at least 3 months, absence of other eating disorders

###### Prevalence of night eating symptoms in adults (unless otherwise stated)

  *Author*               *Year*   *Population*                                      *Degree of overweight* *Mean BMI (kg m*^−*2*^) *% BMI \>30*       N       *Prevalence* (%)
  ---------------------- -------- ------------------------------------------------ ------------------------------------------------------------- ----------- ------------------
  Stunkard^[@bib1]^      1955     Obesity OPD                                                      68% Overweight Normal weight                     25 38           80 0
  Kuldau^[@bib5]^        1986     General population Pre obesity surgery                           Normal weight Morbidly obese                    232 100         0.5 15
  Rand^[@bib6]^          1993     General population Pre obesity surgery                                      24.9 52                             2097 255         1.5 25
  Stunkard^[@bib7]^      1996     Self report BED Weight loss study BED subjects                          37.8 35.3 35.5                          102 79 40     13.7 8.9 15
  Powers^[@bib16]^       1999     Obesity surgery                                                              53.4                                  116             10
  Aronoff^[@bib17]^      2001     Obesity OPD                                                                   55                                   110             51
  Ceru-Bjork^[@bib12]^   2001     Obesity OPD                                                                   40                                   194             14
  Gluck^[@bib13]^        2001     Obesity OPD                                                                  36.5                                  76              14
  Napolitano^[@bib18]^   2001     Obesity OPD Some BED subjects                                                41.1                                  83              43
  Adami^[@bib14]^        2002     Obesity OPD                                                                  43.5                                  166            7.8
  Anderson^[@bib68]^     2004     General population (MONICA project)                                           10%                                 2111             8
  Lamerz^[@bib40]^       2005     School children (range 5--7 years)                  15.8 (Mean 51st percentile[a](#t3-fn2){ref-type="fn"})        1979            1.1
  Allison^[@bib19]^      2006     Pre obesity surgery                                                          50.4                                  215          8.9/1.9
  Morse^[@bib22]^        2006     Diabetes 1 and 2 OPD                                                          32%                                  714            9.7
  Colles^[@bib15]^       2008     Obesity OPD                                                                  44.3                                  129            17.1
  Lundgren^[@bib21]^     2010     Psychiatric OPD                                                              37.2                                  68              25
  Root^[@bib43]^         2010     General population (STAGE project)                              26.6[b](#t3-fn3){ref-type="fn"}                   5441            7.7

Abbreviations: BED, binge eating disorder; BMI, body mass index; OPD, outpatient department.

On the basis of the german reference population.

Highest lifetime BMI.
